Design and implementation of the project covered eight main areas of focus: location, hardware and software, transportation, customs, Internet, classroom, benchmarking, and recycling. These main areas of focus, or modules, will be discussed in detail in this paper.
INTRODUCTION
In the summer of 2005, the Thinklab! team introduced an under-resourced region in Guatemala to technology by establishing a small computer laboratory at El Buen Samaritano (EBS), a center that functions as a home, family, and school for approximately 90 children of all ages. A volunteer and central hub in Antigua called Project Mosaic Guatemala provided several candidates for this project, and after meeting the dedicated directors of EBS, Magda Torres and Alice Lee, the team decided that EBS would be an optimal site for the computer laboratory. Additional considerations such as language, regional accessibility, and project potential given initial cultural, economic, and social status of the area also contributed to the final decision.
Preparation for project implementation spanned approximately 9-10 months. The most important duties involved acquiring computers and software and working with Alice and Magda to ensure the project feasibility and execution. Furthermore, because sustainability was also an important issue, the Thinklab! team considered additional factors: lab maintenance after the team departed from Guatemala, long-term funding for the Internet Service Provider (Telgua), additional energy costs derived from the laptops, and the end-life processing of the units once they were no longer usable.
Also, organizing a team of people who were dedicated to project completion and future work at EBS was integral for project success. Engineers Without Borders -UCLA (EWB-UCLA), a humanitarian student group that strives to train and promote environmental and social responsibility among prospective engineers, provided the members. Being intimately involved in all aspects of the project, from planning to implementation, the team members learned how their efforts had a beneficial impact on the service community and the environment as a whole.
In designing the project, the Thinklab! team identified eight main areas of focus or modules: location, hardware and software, transportation, customs, Internet, classroom, benchmarking and recycling. The main purpose of this paper is to present the lessons learned through the implementation of Thinklab! for each of these modules. Also, due to an initial steep learning curve, the first implementation of any project typically incurs high fixed costs but can be reduced in future implementations. This is the case for the Thinklab! project in Guatemala. By presenting this paper, we hope that volunteer groups with similar projects in mind can also minimize their own fixed costs.
SPECIFIC AIMS OF THINKLAB!
• Identify the optimal candidate for a technology center.
• Collaborate with computer donors to assemble a small collection of computers for the center.
• Partner with local volunteers and directors to ensure project feasibility.
• Fundraise for at least 10 computers for the computer and technology center, Thinklab!
• Build a team of 3-4 students to plan and execute project.
• Train an "IT team" comprised of recipient students to oversee lab.
• Jump-start student interest in technology through basic computing theory and skills courses.
• Establish Phase II, as necessary, to ensure long-term funding: -Internet Service Provider contract with Telgua -Additional energy costs derived from computers • Minimize negative environmental impacts through end-use recycling.
• Sustain relationship with recipient students by setting up a discussion group/community forum, survey, Yahoo group.
• Ensure responsibility to project on both ends (Engineers Without Borders and recipient school).
• Promote student creativity and provide "healthy" models and references such as the "Linux community model".
• Document progress and challenges encountered throughout project development and implementation.
PROJECT MODULES
This section presents the eight project modules that represent the most fundamental components of Thinklab! (Figure 1 ). To present the ideas in a more systematic way, each module is composed of two parts: considerations and implementation. The first exposes a set of important observations, and the second provides the actual steps to implement the module.
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FIGURE 1 The Thinklab! project consists of 8 modules
Location
• Considerations
In determining a site location, the Thinklab! project considered its relative impact on a community given the its initial economic and social conditions. For instance, computers cannot help resolve the short-term problems of communities that do not have the ability to meet their most basic needs i , such as food or shelter. On the other hand, the impact of such a project on a highly knowledgeable and technological community is minimal. Though most communities can benefit from technology, a computer center can teach more to a wider audience in an area where technology is less prevalent. This argument is similar to the well-known result in economic growth theory which states that poor countries should grow faster on average than rich countries ii . Summarizing, Thinklab! would be most effective and efficient in locations where:
(1) the community is developed enough to meet its basic needs, and (2) the members have had little exposure to information technologies.
• Implementation
In our implementation, we use GDP per capita and adult literacy rates as proxies for "ability to meet the basic needs" and "level of exposure to information technologies" of a country, respectively. Consider Table I , where these proxies are presented for the three poorest countries in Central America (according to the United Nations Human Development Index iii ). We observe that:
(1) Guatemala has a higher GDP per capita than Nicaragua and Honduras, but (2) Guatemala has a lower adult literacy rate than Nicaragua and Honduras.
The first indicates that Guatemala has a greater ability to meet its basic needs than Nicaragua and Honduras. However, Guatemala has a lower literacy rate or education level (in fact, the lowest Human Development Index in Central America, despite enjoying larger GDP per capita than its neighbor countries). These two factors comprise the macroeconomic argument that, according to our simple model, makes Guatemala an ideal candidate for Thinklab!. Hardware and Software
Two questions arise when implementing the hardware (hw) and software (sw) module: what kind of hardware will be deployed? and what kind of software will run the hardware? To simplify the implementation, we limited our choices to:
(1) a desktop or a laptop for hardware, and The most suitable configuration will depend on the specific characteristics of the computer project and consideration of all possible pros and cons. Table II presents the analysis of these pros and cons.
• Implementation First, we need to choose a suitable hardware and software configuration using the considerations in Table II 
501(c)(3) organizations and tax deductible donations: incentives for fundraising
Many developed countries have implemented laws that promote charity. A common mechanism is through the tax collection process: if a person makes a charitable contribution to a non-profit organization, then she has the right to deduct the value of her donation from her taxable income.
This box answers some of the common questions regarding tax deductible donations. Notice that we do not warrant or guarantee the accuracy of this information and that the reader should always consult a tax advisor or visit the IRS website for the latest information.
From a tax standpoint, what does it mean to be a 501(c)(3) organization?
A charitable organization is generally defined as any nonprofit organization that is incorporated and identified by the IRS as a 501(c)(3) organization. These organizations have been given tax-exempt status and can accept contributions and offer donors a tax deduction for their gifts. For donors, this means that contributions are fully tax-deductible to the amount allowed by law.
What is the tax benefit for charitable donations?
The table below provides an example of the deductions for a single person in each tax bracket making a cash donation of $100. Notice that these numbers may not be the latest.
For an updated table, please visit the IRS website. In general, the table shows that one should expect a benefit from 10% to 35% of the donation value.
What is the process? Upon making a donation, the donor should receive a receipt from the 501(c)(3) organization. This receipt should include the donation amount, the date the donation was made and the name and signature of the charity organization. When filling in the 1040 Tax Form, the donor can itemize the donation. The donor should always keep the receipt with her/him, in case the IRS asks for it. In general, there are two ways to transport equipment to a country: (1) using a shipping company or (2) piggybacking it as part of the team's luggage when traveling to the country.
Tax Bracket
Piggybacking is the most convenient because it involves only coordination of team members to carry the computers with them during travel. As we saw in Table II , an advantage of using laptop (as compared with desktops) is that they can be transported with relative ease. In fact, piggybacking would not be a feasible option had the project be implemented with desktops.
Partnering with a shipping company is another viable alternative, which requires more preparatory work in terms of establishing contact, agreements, and other logistics, but is more sustainable. For instance, Partners in Solidarity is an organization that specializes in moving technological-educational equipment to Guatemala, specifically vi . For shipping companies in general, a partnership can be beneficial to themselves because:
(1) philanthropic involvement promotes their organization name, and (2) the service they provide is tax-deductible, providing a positive impact to the company's "bottom line."
To leverage on this win-win situation, the volunteers need to approach a shipping company. Box II describes the steps required in doing so.
International Journal for Service Learning in Engineering Vol. 1, No. 1, pp. 27-47, Spring 2006 ISSN 1555 Box II Philanthropic accounts with shipping companies Some shipping companies have philanthropic programs to support humanitarian projects. These programs are an example of a win-win situation: the (non-profit) solicitor receives cheaper or free shipping services while the shipping company builds its community reputation and improves its bottom line by deducting the service from its taxes (see Box I). The following provides a summary of the common requirements that the solicitor must meet as well as the process she needs to complete to receive a philanthropic account.
Requirements. Most of the shipping companies only accept applications from 501(c)(3) organizations, with good financial and public standing, and a competent management.
Process. Typically, the solicitor will need to write a 2-5 pages memo describing the project and how the shipping company donation can help in the project's implementation. A few weeks after the submission of the application, the solicitor should get an answer from the shipping company.
More resources on shipping companies with philanthropic programs can be found in:
http://www.fedex.com/us/about/responsibility/ http://www.community.ups.com/philanthropy/main.html http://www.dhl.com/publish/se/en/about/citizenship.high.html
Customs
• Considerations
Customs adds another degree of uncertainty to the project. Most customs laws, especially those in developed countries, accept the clearance of goods that are both used and for non-commercial purposes. However, lack of regulation or lack of strict implementation of legislation in developing countries makes the process of customs clearance a complex one. To minimize uncertainties, the team needs to be prepared to face any number of potential interferences.
As we have already seen in the transportation module, there are two ways to bring equipment to a country: (1) by using a shipping company or (2) by piggybacking it as part of the team's luggage.
Experience seems to indicate that one may have a better chance to clear customs when piggybacking the equipment because volunteers can provide explanations to with customs officers in person vii . Furthermore, at the time of clearing customs, it is important that volunteers (1) have a way to prove that all the equipment is used (i.e. by presenting the donors receipts) and (2) carry a letter from the recipient entity indicating that the equipment will be used in a nonprofit project to promote education.
The implementation of these modules consists of three actions:
(1) Obtain documents proving that the equipment is not new. This document can be, for instance, the donors' receipts, or the actual invoice receipt of the computers. For an example of a donor's receipt, see Exhibit C.
International pp. 27-47, Spring 2006 ISSN 1555 (2) Obtain documents proving the non-commercial objectives of the project. This document can be a letter from the recipient indicating that the equipment will be used for non-profit purposes. A sample of the letter that was used for Thinklab! is presented in Error! Reference source not found..
(3) Contact the corresponding authorities. The volunteers should contact the local embassy of the recipient country and ask about the process of clearing customs. The group should also contact the recipient country's government (e.g. immigration or the ministry of education) and ask for advice. In our previous experiences, the information provided by the authorities may not be very helpful (as previously mentioned, the difficultly lies in the knowledge of customs rules in developing countries as well as the given response of customs officials despite the rules). However, it is still important that volunteers maximize the amount of information using local sources.
Internet
• Considerations
Having access to the Internet is a crucial component of Thinklab! because it facilitates a sustainable learning experience. These are some of the points that justify this observation:
-Spillover effects of Internet. Internet virtually removes the barriers between countries, making knowledge available to anybody who is connected to it. While in the past, the library may have acted as the primary source for receiving information. Today, the internet can provide the same information through simple online viii .
-Creativity. At school, students are typically accustomed to obeying instructions given by the teacher (teacher-driven process). When using Internet, however, students are responsible to research topics of interest (student-driven process), to use judgment about reliable sources, and finally to find suitable methods to apply the knowledge to test the knowledge that the Internet provides. Overall, the Thinklab! team believes that this process develops the general creative process and critical thinking skills involved in the overall scientific method ix to communities that may lack access to textbooks and resources such as libraries.
-Community. Internet teaches the students a new sense of Community. Through Internet, they can learn about and sympathize with new cultures, languages, people and traditions around the globe. Furthermore, students in the developing world using Internet get exposed to the "success stories" of the developed world (e.g. Silicon Valley, Linux, the first man in the moon, technology breakthrough, sports…), which can serve as references and bring a positive message to them. See Box III for an example of a powerful success story.
It is very important to understand that as the world becomes virtually flatter, both positive and negative messages are easily conveyed across countries x . The role of the teacher is therefore still needed, maybe not as much as the source of knowledge but more as a figure of guidance who helps students decode and understand messages sent through the Internet.
Box III The Linux message: its lessons for development
In August 25 1991, Linus Benedict Torvalds sent out an email to the Internet community: "Hello everybody out there using Minix -I'm doing a (free) operating system…". He was referring to Linux, and it was the beginning of what is now regarded as one of the most important computer technologies ever developed. But probably as important, it was also the beginning of a new attitude towards the problem of (technology) development. This new attitude can bring a new message to developing countries.
An operating system is the piece of software that runs our computer hardware. Examples of well-known operating systems are: Windows XP, DOS, Mac OS, Unix, BSD, or Linux itself. Back in 1991, DOS was still the dominant operating system in the PC market. PC users had basically no other choice. Alternatives such as Apple Macs and Unix were superior but with astronomical prices that not many could afford. It seemed that the free market forces of capitalism had lead the computer community into a deadlock situation: the big vendors of Mac OS and Unix were doing good business selling their products to big corporations that could afford them, leaving Microsoft without any serious competition in the large PC market.
Yet, the computer community regarded Microsoft products as poor in quality. Some attempts were made from private initiatives to compete against Microsoft (for instance, during the 1990s Netscape tried to compete in the Internet browser market against it) but they were all shut down by aggressive marketing (and some times regarded as monopolistic) strategies. Then what market forces and antitrust legislation failed to resolve in a prompt manner, was overcome by a change of attitude in the computer community. First, in search of fun and computer knowledge, Linus Torvalds decided to write a simplified operating system on his own. Then, he posted the source code (the blueprints of the operating system that explain how it works) online so that others could use it, learn from it and improve it. Linus started receiving feedback and contributions of a few computer programmers. Then, a few hundred, then thousands… today, Linux is used by all types of consumers, schools, large corporations, start-ups, governments and, what is more important, because the source code is freely available, each of them can use it, modify it, improve it and contribute back to the Linux community.
The Linux story cannot be explained using modern economic theories of capitalism, which assume that agents act rationally to maximize their individual economic profit. Neither Linus nor the first contributors had an economic incentive to develop Linux. Instead, they were pushed by a new set of values and attitudes: in essence, the Linux message shows that knowledge, curiosity and community work can be, for development, great substitutes of money and power.
In developing countries with limited infrastructure, connecting to the Internet can be challenging work. Table III presents an analysis of pros and cons for the most common access technologies.
The implementation of the Internet module requires two considerations:
(1) Installation. This requires contacting an Internet Service Provider in the recipient country and negotiating a contract. Volunteers should leverage their non-profit organization endorsements to arrange a favorable contract, with lower monthly fees. In this regard, it is helpful to contact the government (e.g. ministry of education) to receive further advice. By using influential channels (such as NGOs and governments), ISP's will be more willing to cooperate. For instance, in our Thinklab! project in Guatemala, the local ISP provided a DSL service at 50% discount and free of all installation charges because we were endorsed by EWB-USA. Furthermore, the ISP committed to provide a service in the remote area of Jocotenango, where no service available originally.
(2) Sustainability. This is in fact the most critical component of this module: how to make an Internet connection sustainable? More specifically, how is the recipient going to finance the monthly fee costs year after year? Box IV presents some proposals. -In developing countries, it may be more expensive than DSL.
TABLE III Internet access technologies
Access
Classroom
• Considerations
In this module, volunteers need to consider the content taught in their classes. While this module is flexible in that any academic subject can be taught with the help of computers and Internet (e.g. history, geography, arts, science, math …), not all the subjects contribute to maintaining the sustainability of the project. Naturally, without the ability to use and manage their equipment, the students will not be able to efficiently learn any other subject of interest. For instance, if the network deteriorates and the students do not know how to repair it, then the sustainability of the whole project will be in jeopardy. Therefore, volunteers should teach at least a basic course in computers and networking maintenance. In the next implementation section we develop this idea in more detail and present a few more mechanisms to implement a sustainable teaching environment.
Box IV Some Proposals to Make an Internet Connection Sustainable
Internet connectivity is an important part of the project because it facilitates a sustainable learning experience. On the other hand, its implementation poses a new sustainability issue: in the long run, how do we pay the Internet Service Provider (ISP) monthly fee? We propose a few possible solutions.
-Solar panels. In some cases, computers are installed in schools that are connected to the electricity grid.
These schools may need to pay their own monthly bills for electricity used in lights, the heating system, washing machines and others. In average, this monthly bill may be similar to the ISP charges for Internet connectivity. Therefore, a solar panel implementation that provides enough energy to satisfy all electricity demands from the school can be enough to offset the costs of the ISP contract.
-Internet café. Another alternative is to build an Internet café to provide public access to the network. With the revenues obtained from this service, the recipient can auto-finance the ISP fee. This solution poses another issue though: classes cannot be taught to students while the public uses the computers. To overcome this problem, the group can set up two rooms, one for the public and another for the students. Then, with the help of a wireless router, the same Internet connection can be used to connect both rooms. Notice that this solution provides a way to leverage the fix-cost nature (flat rate) of the ISP contract.
-Selling used laptops. If the group has a surplus of laptops, a third alternative to finance the ISP fee is to sell the extra laptops. Typically, the selling of one laptop can finance one year of Internet connection. This solution is only sustainable if the group has a surplus of laptops in a yearly basis.
As previously mentioned, two subjects will need to be taught, computers and networking, which requires that volunteers possess a certain level of understanding and mastery in these areas. Next, we provide a basic list of items that should be included in these two classes.
-Class of Computers. The students will need to learn how to use, manage and in some instances repair their computers. A possible list of items that would achieve this objective follows:
-Typewriting. How to correctly type using the computer keyboard.
-Windows interface. How to manage the computer through the windows system.
-File system. How to manage files using the file system.
-Office suite. How to create files, spreadsheets, or graphs using an office suite.
-OS installation. How to reinstall the OS in case the system breaks.
-Class of Networking. Another potential hindrance to the computer center is the possibility of network failures: if it goes down, then the students will not be able to use Internet, limiting the benefits of the project. To avoid this, the students should learn the following networking subjects:
-Local Area Network (LAN) management. How to manage the TCP/IP settings, the gateway, the firewall and NAT if using local IP addresses.
-Internet browsing. How to browse the Internet using an Internet browser.
-FTP and Telnet. How to use FTP to transfer files and Telnet to open remote sessions.
In addition to the above crucial classes, we propose two more mechanisms to enhance the sustainability of the project:
-Forward teaching. Many volunteers alternate their volunteering work with a professional life. Their available time as instructors in the recipient country is in general limited, which makes the teaching resource a scarce one. In this regard, forward teaching is a technique which permits an effective increase in the amount of teaching resources without increasing the actual number of volunteers. It works as follows. Suppose a class needs to be taught to a group of 40 students but volunteers only have a teaching capacity for ten. First, the volunteers separate the students in two groups: a group A with 10 students and a group B with 30 students. The most experienced, mature and responsible students (for instance, as a simple proxy for these qualifications volunteers can use age) should be in group A. Then, the volunteers dedicate their time to teach the class to group A. In addition, each of the students in group A is assigned to three exclusive students from group B. Finally, students from group A teach the class to students in group B.
-Yahoo Groups. Some of the volunteers may have the time and determination to continue their work from their home country. In this case, technology can help to bridge the distance. The idea is simple: to set-up a Yahoo Group account (or any similar online tool) for the project, where students can post messages and files. Through this mechanism, volunteers can continue to work with the project, for instance, by answering on-line questions to students (e.g. technical questions about the equipment, online troubleshooting), give assignments to students who later can upload their work and make them available to the same volunteers for correction, or simply have a forum of discussion. Our group used this technique for the Thinklab! project in Guatemala. The Yahoo Group can be visited at: http://groups.yahoo.com/group/thinklab-ebs/
Benchmarking
Benchmarking is included as a mechanism to enhance the sustainability of Thinklab!. Through benchmarking, volunteers can monitor the long-term impact of the project. This information can then be used to learn and correct positions in order to make the project more efficient. For instance, Thinklab! in Guatemala was implemented using open source Linux, but the effectiveness of this strategy is currently unknown. Through benchmarking, the volunteers have the opportunity to observe and survey whether or not the students find Linux user friendly. With this information, the volunteers can then tune the project to make it more sustainable.
To benchmark the impact of Thinklab! we chose the package "Instruments for Assessing Educator Progress in Technology Integration" from the Institute for the Integration of Technology into Teaching and Learning (IITTL) . This package provides a set of questionnaires for both the students and teachers that have been carefully designed to understand the impact of technology on education. The answers to the questionnaires can be processed to obtain a set of statistics that characterize the progress of the students.
Recycling
• Considerations
In its 2002 report, the Basel Action Network (BAN) showed that "electronic waste is currently the most rapidly growing waste problem in the world" xi . The report describes how some U.S. recyclers exported the material they received to countries where wages were lower and environmental laws were essentially non-existent. In order to tackle the e-junk problem, countries like the European Union, Japan and China have passed laws. To avoid the same problem, the project must guarantee that the recipient has the necessary infrastructure and competencies to properly dispose of computers. One can consider two possible options in doing so:
(1) identify a recycler of electronic components at the destination site, where equipment can be disposed, or (2) bring the equipment back to a developed country (e.g. the U.S.) and recycle the equipment there.
• Implementation Some infrastructure needs to be in place in order to implement the recycling module:
(1) A tracking system that enables a way to identify and track each laptop. This can be as simple as giving a unique name to each piece of equipment and keeping track of their current location using a database. For instance, each Thinklab! laptop was given the name of a Star Wars character (see Exhibit B for a copy of some stickers that were attached to the laptops).
(2) A memorandum of understanding (MOU) between the volunteers and the recipient defining the required steps when a piece of equipment needs to be recycled (see Error! Reference source not found. for a sample MOU). This agreement can include:
a. That the recipient will promptly communicate to the volunteers when a piece of equipment stops functioning.
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(3) If the recipient has no local recycler and needs to ship the equipment back to the volunteers, then the transportation module previously described can be invoked. As in that case, there are two options: to piggyback the equipment with some other volunteer's luggage or to use a shipping company (see the transportation module for more details).
CONCLUSION
This is the first international education and technologically-oriented project conducted by EWB-UCLA. We have found the experience to be extremely rewarding, both on a technical and practical level as well as on a personal level. In documenting the diverse considerations required for implementation, in addition to other important factors that were overlooked in our first approach, we hope to continuously improve and optimize the project design and execution in future processes for our organization and for others.
